[Abstract] The ascomycete fungus Fusarium graminearum is a destructive fungal pathogen of wheat, barley and maize. Although reverse genetics and homologous recombination gene deletion methods have generated thousands of gene deletion mutants of F. graminearum, evaluating virulence of these fungal mutants is still a rate-limiting step. Here we present a protocol for inoculation of wheat coleoptiles with conidial suspensions for large-scale phenotypic analysis, and describe how it can also be used to assess fungal infectious growth and symptom developmentat a cellular scale. The inoculation method described in this protocol provides highly reproducible results in wheat coleoptile infection by F.
and examination of lesion size ( Figure 3 ). The structure of wheat coleoptile is simple: the annular coleoptile comprises similar cells and two vascular bundles ( Figure 2D ) and is easy to inspect microscopically (Zhang et al., 2012) . Seven genes were identified required for full virulence of F. graminearum on wheat coleoptile, and several of which were also required for wheat head infection (Zhang et al., 2012) and even maize stalk infection .
Materials and Reagents

Pipette tips (Corning, Axygen
® , catalog number: T-300-R-S) 
Microsoft Excel
Procedure
A. Preparation of wheat seedlings 1. Soak the wheat seeds at room temperature in a 500 ml flask, and rinse with running water overnight ( Figure 1A) .
Note: Prepare about 20 seeds for each inoculation treatment to make sure at least 12 germinated seedlings can be used for each inoculation treatment in one experiment. For example, to examine the virulence of two strains of mutant F. graminearum, along with one wildtype strain and mock inoculation, 80 seeds need to be soaked.
2. Place the imbibed seeds in a medical enamel tray containing 2 layers of wet gauze ( Figure 1B) and germinate in the dark for 1 day at 25 °C in a growth chamber.
Note: Cover the tray with the lid to keep the gauze wet during germination.
3. Put a small piece of paper towel in each well of 24-well cell culture plates and drench with water.
Transplant the germinated seeds to 24-well cell culture plates, one seed per well ( Figure 1C ). 2. Scrape the V8 agar plate, now full of aerial hyphae with a sterilized tweezer, and pick up some pieces. Transfer these pieces into 100 ml sterilized mung bean liquid medium, then incubate in a constant temperature shaker at 25 °C and 150 rpm for 3-5 days.
3. Filter the mung bean liquid medium culture, then collect the filtered liquid medium into a sterile 250 ml centrifuge bottle. Centrifuge at 7,500 x g for 10 min at room temperature.
4. Discard the supernatant and re-suspend the conidia pellet in 1 ml sterile water by pipetting, then transfer the conidia suspension into a 1.5 ml sterile centrifuge tube. Wash the pellet three times using sterile water.
5. Resuspend the conidia pellet in sterile water and adjust the concentration to 10 6 conidia/ml.
Note: The suspension should be used for inoculation within 2 h. Resuspend the conidia just before inoculation.
C. Wheat coleoptile inoculation 1. Cut off the top 1-2 mm of coleoptiles of three-day-old wheat seedlings and add 2 μl F.
graminearum wild-type or mutant suspension (10 6 conidia/ml) to the top of remaining seedling ( Figure 2B and Video 1). For mock-inoculation controls, add 2 μl sterile water to the wounded sites.
